Borderline personality disorder (BPD) is a highly prevalent and disabling condition linked to early stressors including traumatic abuse and abandonment. While much work has addressed traumatic events in childhood, little is known about the biological sequelae of BPD including how this disorder may be differentiated from other stressrelated disorders such as posttraumatic stress disorder (PTSD). The purpose of this study was to investigate psychophysiological effects of different types of stressful reminders in BPD and in PTSD. Psychophysiological measures including heart rate, skin conductance responses, systolic and diastolic blood pressure in response to standardized neutral scripts, and personalized scripts of traumatic and abandonment situations were compared among subjects with BPD, PTSD and controls, all with a reported history of sexual andyor physical abuse before age 18. Significant script by diagnosis interactions are found for skin conductance and systolic blood pressure. No significant effects were found for diastolic blood pressure or heart rate. In the PTSD group the greatest systolic blood pressure responses were to traumatic scripts, whereas patients with BPD showed a tendency towards greater skin conductance responses to abandonment scripts. Our findings reveal only partially different psychophysiological responses to traumatic and abandonment scripts in PTSD and BPD. A divergence in pathophysiology in these two disorders is suggested that may be linked to childhood trauma. However, this interpretation must be tested in a larger population.
Introduction
Borderline personality disorder (BPD) is a highly prevalent condition affecting approximately 1.3% of the population (Torgersen et al., 2001) . Compared with the influence of developmental events, little is known about the biology of BPD. Chief among stressors thought to play a pivotal role in the development of BPD is childhood abuse (Zanarini, 1997) . Childhood abuse experiences, most often assessed in prior studies, include physical and sexual abuse, such as being physically injured, raped, or assaulted (Links et al., 1988; Herman et al., 1989; Zanarini et al., 1989; Ogata et al., 1990; Westen et al., 1990) . However, adverse events in the range of emotional abuse or neglect also play a significant role in the development of psychopathology. One adverse event that is clinically significant in BPD is abandonment during the course of development, where the child was left alone or isolated for long periods of time (Gunderson, 1996) . Possibly due to traumatic experiences or abuse associated with being left alone, the BPD individual develops abandonment fears (Benjamin, 1996) . Based on this, DSM-IV (American Psychiatric Association, 2000) includes 'frantic efforts to avoid real or imagined abandonment' as one of the nine diagnostic criteria for BPD. On a neurofunctional level, memories of abandonment could be shown to be responsible for prefrontal cortex dysregulation in patients with BPD (Schmahl et al., 2003) .
BPD has recently been suggested to be part of the stress-related psychiatric disorder spectrum (Bremner, 1999) . According to that model, traumatic stress can alter structural and functional aspects of the brain and lead to the development of a range of psychiatric disorders that share in common a relationship to stress. These include depression, posttraumatic stress disorder (PTSD), dissociative disorders, and BPD. A high rate of diagnostic co-occurrence of BPD with PTSD has been documented; about half of BPD patients have comorbid PTSD (McGlashan et al., 2000) .
Psychophysiological variables, including heart rate, systolic and diastolic blood pressure, and skin conductance, reflect in part activity of the peripheral sympathetic nervous system. Measurement of these psychophysiological variables in conjunction with stimulation of PTSD-specific symptoms using techniques such as hearing a traumatic script is a method that has been used extensively to study conditioned emotional responding and sympathetic correlates of exposure to traumatic reminders in PTSD (Blanchard and Buckley, 1999) . Challenge studies of this sort that have examined PTSD subjects have yielded relatively consistent results. In studies that have compared Vietnam combat veterans with and without PTSD, subjects that heard 'personalized' scripts of their traumatic experiences have demonstrated an increase in heart rate (Pitman et al., 1987 (Pitman et al., , 1990 for review: Prins et al., 1995) . Shin et al. (1999) found higher heart rate and blood pressure responses for subjects with childhood sexual abuse-related PTSD as compared with controls when subjects were exposed to traumatic scripts. Challenge studies using traumatic scripts have the advantage that the scripts directly stimulate the symptoms, which are most characteristic of the disorder, namely, remembrance of the traumatic event in PTSD patients.
The first study of physiological correlates of emotional stress in BPD was conducted by Herpertz et al. (1999) . They examined 24 female patients with BPD and compared them with 27 normal control subjects. Participants were shown a set of standardized (i.e. not personalized) photographic slides with pleasant, neutral, or unpleasant emotional valence. Physiological reactions to the slides were measured by heart rate, skin conductance, and startle response. The borderline patients did not produce higher levels of startle amplitude, and startle potentiation in BPD subjects did not differ from control subjects during presentation of unpleasant slides. Furthermore, neither skin conductance nor heart rate responses differed between patients and controls. One possibility for these findings is that the stimuli in the study of Herpertz et al. were not salient reminders for trauma in BPD subjects.
In the present study, we sought to extend the challenge method of traumatic scripts in PTSD by developing a method using stimuli most salient for BPD. We considered that feelings of real or imagined abandonment are a core element of the BPD presentation. Because PTSD and BPD often share in common a history of childhood trauma, we decided to compare psychophysiological correlates of abandonment and traumatic scripts among subjects reporting a history of abuse with BPD, PTSD, and no psychiatric disorder. We hypothesized that subjects with PTSD would show a greater psychophysiological reaction to a traumatic script than to an interpersonally-based script describing an abandonment situation, whereas BPD subjects would demonstrate a larger reaction to the abandonment script than to the traumatic script.
Methods

Subjects
Forty women, all with a history of sexual andy or physical abuse, were recruited by advertisements in newspapers and flyers. Ages ranged from 20 to 57 years. Subjects with organic mental disorders, a history of head trauma or cerebral infectious disease, lifetime psychotic disorder, and use of benzodiazepines were excluded from participation in the study. Subjects were not actively abusing substances or alcohol in the past 3 months. After complete explanation of the study procedures and before subjects entered the study, written informed consent was obtained. Subjects were paid for participation in the study. The study has been carried out in accordance with the Declaration of Helsinki.
Assessment
History of traumatic childhood events was assessed using the Early Trauma Inventory-selfreport-version (ETI). Psychometric properties of the clinician-administered ETI have been published (Bremner et al., 2000) . The ETI is an interview that assesses physical, emotional, and sexual abuse. For each item of the ETI, frequency of trauma, perpetrator of the trauma by developmental stage, onset and termination of trauma, and impact on the individual are assessed. Dissociative traits were assessed with the Dissociative Experience Scale (DES; Bernstein and Putnam, 1986) . Axis I diagnoses were assessed by a trained psychiatrist (C.G.S) and psychologist (B.M.E.) using the Structured Clinical Interview for DSM-IV Axis I disorders (SCID; First et al., 1995) . Assessment of current PTSD was augmented by the ClinicianAdministered PTSD Scale for DSM-IV, Current and Lifetime Version (CAPS; Blake et al., 1997) . Axis II diagnoses were assessed using the Diagnostic Interview for DSM-IV Personality Disorders (DIPD; Zanarini et al., 1996) .
Study groups
All subjects fulfilling diagnostic criteria for BPD as assessed by the DIPD-IV were classed with the BPD group, regardless of PTSD intensity as indicated by their CAPS score. For participants without BPD, a CAPS cut-off score of 50 or higher was used to classify subjects in the PTSD group, and the remainder comprised the abuse control (AC) group. All individuals in the PTSD group met full DSM criteria for current PTSD. Mean CAPS total scores were 78.4 (S.D.s12.2) for the PTSD group, 20.5 (13.8) for the AC group and 44.9 (26.3) for the BPD group. The stringent guideline of two or fewer BPD criteria as determined by the DIPD-IV was required for subjects to be included in the PTSD or AC groups.
In all, 16 subjects were assigned to the AC, 14 to the PTSD, and 10 to the BPD group. The mean age was not different between groups. In the AC group, 14 subjects were Caucasian, one African American and one Hispanic. In the PTSD group, eight subjects were Caucasian, three African American, two Hispanic, and one Asian. In the BPD group, nine subjects were Caucasian and one African American. Of the 16 AC subjects, five were taking psychotropic medication during their participation in the study, as were five of 14 PTSD subjects and eight of 10 BPD subjects. ETI scores did not significantly differ among the three groups with mean scores of 78.7 for the AC, 77.2 for the PTSD, and 73.8 for the BPD group. Mean DES scores differed among the groups with highest means in the BPD group (BPD: 29.1; PTSD 15.2; AC: 10.7). For complete psychometric and demographic data, see Table 1 .
Most subjects in all three groups had a lifetime diagnosis of major depressive disorder. During the time of the study, however, no subject in the AC group, three subjects in the PTSD group, and four in the BPD group met criteria for a current diagnosis of major depressive episode. Five out of 10 BPD subjects met criteria for current PTSD. Further current comorbid diagnoses were Panic Disorder with Agoraphobia (BPD: ns3), Panic Disorder without Agoraphobia (AC: 1; PTSD: 1; BPD: 2), Social Phobia (AC: 1; PTSD: 2; BPD: 2), Generalized Anxiety Disorder (PTSD: 2; BPD: 1), Obsessive-Compulsive Disorder (BPD: 1), and Bulimia Nervosa (BPD: 1).
Procedure
Several days prior to the challenge day, one of the interviewers assisted the subject in preparing two personalized scripts using an established method (Pitman et al., 1987; Bremner et al., 1999) . The participant was first asked to describe a severe childhood sexual or physical abuse event in writing on a script preparation form. The participant's response was reviewed and a script approximately 1 min in length was composed by the interviewer portraying the experience in the first person, present tense (traumatic script). Next, the participant was asked to describe a situation of abandonment she had experienced during her lifetime, again using a script preparation form and composing a script of about 1 min in length, describing the event in the first person, present tense (abandonment script).
For the challenge, subjects were placed in a quiet room in a reclining chair with two investigators present. After a resting period of 20 min, a standardized neutral story 1 min in length was read to the subjects by a female investigator. Two minutes after the end of the script, subjective ratings were collected, including the 17-item PTSD Symptom Scale (PTSDSS; Southwick et al., 1993) , the Borderline Personality Disorder Symptom Scale, a 10-item Instrument for the Assessment of Borderline State Symptoms (BPDSS; Schmahl et al., in preparation), the ClinicianAdministered Dissociative States Scale, a reliable and valid 27-item Scale for the Measurement of Current Dissociative States (CADSS; Bremner et al., 1998) , the Subjective Units of Distress Scale (SUDS; a visual analog scale scored from 0 to 100 for the assessment of current subjective level of distress), and two scales for the assessment of fear and anxiety scored from 0 to 4 (Southwick et al., 1993) . Ten and 20 min after the neutral story, this procedure was repeated, once with the traumatic script, and once with the abandonment script. To control for order effects, the presentation of the two personalized scripts was randomized.
Heart rate was continuously assessed using a heart rate monitor (Polar Electro Inc., Woodbury, NY) with a sampling rate of 0.2 Hz. Skin conductance was measured by finger electrodes on the second and third fingers of the right hand and online registration (sampling rate: 32 Hz; BioGraph, Thought Technology Ltd., Montreal, Canada). Blood pressure was assessed using an automatically inflatable blood pressure cuff at two time points, 1 min before reading of the script and 3 min after the beginning of the script. In addition to these measures, saliva samples for the assessment of cortisol levels were obtained at different time points during the study (data not presented here).
Analyses
For the analysis of heart rate and skin conductance, two time periods were evaluated, each 1 min in length. Baseline values were taken from the period between 2 and 1 min before the reading of the scripts. Script values were assessed during the 1-min reading period. In each period, six consecutive values for heart rate were assessed with 10-s intervals between values, and the mean of these six values was calculated. Two tonic parameters of electrodermal activity are especially useful to measure long-lasting stimuli: skin conductance level (SCL) and number of skin conductance (SC) fluctuations. We chose number of SC fluctuations because this parameter is a better electrodermal measure for emotional activation than SCL (Boucsein, 1992; Kilpatrick, 1972) .
To reduce variance associated with unusually large responses, square root transformations were performed on physiological response scores prior to statistical analysis. For each psychophysiological variable, a change score was calculated by subtracting the transformed baseline values from the transformed values after the script period (blood pressure) or from the transformed values for the reading period (heart rate and number of SC fluctuations). We applied an analysis of variance (ANOVA) with diagnosis (BPD, PTSD, AC) as between-subject factor and type of script (neutral, trauma, abandonment) as within-subject factor. Since the three groups differed significantly in their CAPS values (see Table 1 ), we used the CAPS score as a covariate in all following analyses. Dependent variables were the change scores of the four parameters: heart rate, SC responses, systolic blood pressure, and diastolic blood pressure. We also analyzed psychometric variables (PTSDSS, BPDSS, CADSS, SUDSS, VAS fear and anxiety) at initial baseline ( Table 1) and after each script (Table 2) using ANOVA with type of script as within-subject factor, diagnosis as between-subject-factor, and CAPS scores as the covariate.
To examine more closely the hypothesis of specificity of the scripts for the different groups, contrast analyses were used in those cases, where a significant group by script interaction was observed. We used the Greenhouse-Geisser-correction to correct for violations of the sphericity assumption in all ANOVAs.
Results
Subjective ratings
We found no significant script by diagnosis interactions for any of the subjective ratings. See Table 2 for full statistical details.
Psychophysiology
There were no significant script, diagnosis, or script by diagnosis effects for the baseline values of the psychophysiological variables. See Table 3 for full statistical details. Also, we found no significant interactions between diagnosis and type of script for heart rate and diastolic blood pressure.
Systolic blood pressure
Due to a technical problem, blood pressure could not be assessed in one subject in the PTSD group. Overall, we found a significant diagnosis by script interaction (Fs3.461, Ps0.015). Contrast analyses revealed significantly higher levels of blood pressure in the PTSD group for the abandonment script compared with the neutral script, and for the trauma script compared with the neutral script. We also found significantly higher levels of blood pressure for the trauma script in the AC and the PTSD groups than in the BPD group. See Table 4 for full statistical details.
Number of SC fluctuations
Due to a technical problem, this parameter could not be assessed in two subjects in the BPD group and one in the PTSD group. There was a significant interaction between diagnosis and type of script for number of SC fluctuations (Fs3.437, Ps0.019). However, contrast analysis revealed no significant contrasts between the scripts in any of the groups, and also no significant contrasts between the diagnostic groups in any of the scripts. See Table 4 for full statistical details.
Discussion
This study examined the specificity of psychophysiological responses to personalized narratives of traumatic and abandonment events, and to a neutral script in subjects with BPD, PTSD, and those with no psychiatric diagnosis. Our hypothesis of a differential effect of traumatic and abandon-39 C.G. Schmahl et al. / Psychiatry Research 126 (2004) [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] Table 4 ANOVA results for change scores of physiological variables (values are square-root-transformed) ment scripts in PTSD and BPD could not be confirmed. PTSD patients in this study exhibited greater increases in systolic blood pressure to traumatic scripts and abandonment scripts relative to neutral scripts, partially confirming the findings of Shin et al. (1999) .
A number of studies (Pitman et al., 1987 (Pitman et al., , 1990 Blanchard et al., 1982; McFall et al., 1990; Orr et al., 1993; Shin et al., 1999) have investigated psychophysiological reactivity to trauma-related scripts in patients with PTSD. In contrast to the present study, most former studies found more pronounced heart rate responses in PTSD. We were not able to replicate the findings of larger heart rate responses to traumatic reminders in patients with PTSD. Heart rate differences in response to trauma-related imagery were found in combat-related PTSD in male veterans (Pitman et al., 1987 (Pitman et al., , 1990 Blanchard et al., 1982; McFall et al., 1990; Orr et al., 1993) and abuse-related PTSD in female patients (Shin et al., 1999; Carson et al., 2000; Orr et al., 1998) .
BPD patients had a pattern of larger SC responses to the abandonment script as compared to the other two scripts; however, these differences did not reach a significant level. The fact that the differences in SC responses within the BPD group did not reach statistical significance may have partly been due to the limited sample size in that group (ns8). However, the SC responses from our study cannot be compared directly to previous findings in PTSD since we used a different methodology (number of SC fluctuations). In addition to the small sample size of the BPD group, the lack of clear responses in heart rate and blood pressure to abandonment and trauma scripts in patients with BPD may also reflect a relative lack of physiological responsivity to stressful scripts. Psychophysiological responsivity to stressors in patients with BPD is part of a yet unresolved debate. From a clinical point of view, BPD patients were described to show affective hyperarousal in response to emotional stressors (Linehan, 1993) . In a laboratory setting, however, hyperarousal in response to stressful stimuli has not been clearly demonstrated, either in the present study or in earlier investigations (Herpertz et al., 1999 (Herpertz et al., , 2001 ).
Some of the findings could also be explained by higher levels of dissociative traits in the BPD group, since this group had a significantly higher mean DES score than the other two groups. Dissociative symptoms with a lower awareness of the contents of the scripts during the measurement of psychophysiological parameters could influence autonomic reactivity. Measurements of dissociative states by use of the CADSS during the challenge procedure, however, did not reveal similar high values for the BPD group as for the PTSD group. The difference between dissociative traits and states in this study population remains unclear, and this suggests that a more complex process than acute dissociating is operating.
The fact that responses to traumatic and abandonment scripts were not different might be partly due to the fact that half of the patients in this group also fulfilled criteria for PTSD. Alternatively, skin conductance as well as psychological reactivity to both traumatic and abandonment scripts could support the idea that both types of stressors play a role in the development of BPD, and many times the two are linked. Most studies focused on physical and sexual abuse, and the ability to measure these constructs is well developed (Links et al., 1988; Herman et al., 1989; Zanarini et al., 1989; Ogata et al., 1990; Westen et al., 1990) . Recently, however, other adverse experiences, including emotional abuse and neglect, have been studied, and there is some suggestion that these experiences may be equally detrimental to outcome (Bremner et al., 2000) . Abandonment, as chosen in our study, represents one example for a situation of emotional neglect, particularly salient for the case of BPD. However, it may need to be better differentiated from abuse. For instance, several subjects portrayed instances of abandonment directly related to their abuse situation (e.g. failure to protect).
Several limitations should be considered in evaluating our findings. As already mentioned, half of the BPD subjects also fulfilled criteria for PTSD and this may have confounded the differences between the two groups. However, exclusion of comorbid PTSD would lead to a sample not representative for BPD with its high rate of traumatic experience. The small sample size of the BPD group precluded us from analyzing the subgroups of BPD patients with and without PTSD separately. However, none of the subjects in our PTSD group exhibited BPD. Our results also underscore the importance of completely assessing the presence of Axis I and Axis II disorders. About one third of the AC as well as the PTSD group and nearly all BPD subjects were taking psychotropic medication during the study. In our experience it is nearly impossible to recruit BPD patients without psychotropic medication, and doing so might bias selection of a less impaired study group. Antidepressants and neuroleptics certainly influence psychophysiological reactivity and might have contributed to overall lower responses in the BPD group. Finally, we made use of a standardized neutral script as opposed to the personalized scripts of traumatic and abandonment memories. Thus, intensity of personal memories could contribute to differences in responses between neutral and stressful scripts.
Even though BPD is one of the more widespread psychiatric disorders, to our knowledge this is the first study assessing psychophysiological reactivity of BPD patients to stressful reminders. Our clinical understanding of BPD as compared to PTSD suggests a divergence in pathophysiology. However, our results provide only modest support for this hypothesis and warrant follow-up tests using larger sample sizes.
